. Such direct-detection experiments must be performed deep underground because cosmic rays at ground level generate a huge amount of background noise. Even then, the detectors must be carefully shielded, and both the target material and the detector itself must have minimal radioactivity, again to reduce background noise.
In the first decade of the millennium, directdetection experiments using semiconductor technologies -mostly pioneered by the CDMS Collaboration 4 -led the way in sensitivity. Such semiconductor materials have extremely low levels of radioactivity, and the detectors can identify very weak signals. These experiments are thus ideal for detecting light WIMPs that have masses between 1 and a few gigaelectronvolts (particle masses are conventionally expressed in energy units based on the electronvolt; eV).
In 2004, the XENON Collaboration began to develop an alternative 'dual-phase' liquidxenon detection technology (Fig. 1) . When a particle scatters off an atom of liquid xenon in such an experiment, it produces light that is detected by two arrays of photomultiplier tubes; it also produces electrons. The presence of electric fields causes the electrons to drift through the liquid xenon and emit light as they pass into a layer of gaseous xenon. By studying the timing and relative intensity of these two light signals, the authors could determine the 3D location of a scattering event and distinguish WIMP scattering from background noise. Xenon can be made extremely pure because it lacks longlived radioactive isotopes (apart from 136 Xe, which has such a long half-life that it is a problem only for large detectors). Liquid-xenon detectors are most sensitive to WIMPs that have masses between about 10 and 100 GeV.
The authors released their first data 5 in 2008, from an experiment called XENON10 at the Gran Sasso National Laboratory in Italy. The experiment used a 5.4-kilogram liquid-xenon target and produced results on a par with those achieved by the leading semi conductor-based experiments. The authors' dual-phase technology has since led to a rapid increase in WIMPdetection sensitivity, ushering in the 2010s as the 'xenon decade' in the history of directdetection experiments. In the current paper, the XENON Collaboration present results from a follow-up experiment, XENON100.
XENON100 consists of a 62-kg liquid-xenon target and a detector that is much larger than that of XENON10. Four years of its experimental programme were marked by three periods of data taking -the latest publication combines previously released results 6, 7 with data from the third run. Despite the experiment's substantial improvement in sensitivity with respect to XENON10, the authors find no evidence for WIMPs. Their results suggest that, if these particles exist, they must either be much lighter or much heavier than a few GeV, or have only extremely rare interactions with ordinary matter. The XENON100 experiment led in search sensitivity until 2014, when the first results from the Large Underground Xenon (LUX) experiment were published 8 . This experiment is based at the Sanford Underground Research Facility in South Dakota and uses a 250-kg liquid-xenon target. The LUX Collaboration released its final results last month 9 , and these are about ten times more sensitive than those of XENON100. In 2016, a newcomer called PandaX-II began running in the China Jinping Underground Laboratory (using a 580-kg target 10 ). The first 100 days of data from PandaX-II have already reached a sensitivity similar to that of LUX 11, 12 . However, none of these experiments has detected a signal for WIMPs.
The results from dark-matter has looked for evidence of weakly interacting massive particles (WIMPs) that could account for the 'dark matter' in the Universe. The authors' detector consists of a chamber filled with liquid and gaseous xenon, two arrays of photomultiplier tubes (PMTs), an electric field generated by a positively charged electrode (anode) and a negatively charged electrode (cathode), and a stronger electric field (not shown) around the liquid surface. If a WIMP were to scatter off a liquid-xenon atom in the detector, it would produce light, which would be detected by the PMTs, and electrons (e -). Owing to the presence of the electric fields, the electrons would drift to the top of the liquid-xenon layer, emitting light as they pass through the surface. The XENON Collaboration used these light signals to pinpoint the exact 3D location of a scattering event and the relative intensity of the signals to distinguish WIMP scattering from ordinary radioactivity. 
Dark matter remains elusive
WIMPs, or weakly interacting massive particles, are the leading candidates for dark matter, the 'missing' mass in the Universe. An experiment has obtained no evidence for such particles, despite an impressive increase in sensitivity.
N OA H P. YO U N G & K A R L D E I S S E R O T H
I n the first century ad, when methods of recording information were limited, the Roman philosopher Pliny the Elder described 1 memory as the "greatest gift of nature, and most necessary of all others for this life". Technology now enables easy immortalization of every moment, but Pliny's insight still rings true: when memory is lost, the essence of the individual also seems lost. New strategies for the preservation or restoration of memory are urgently needed, and researchers have sought to explore electrical stimulation of the brain as a therapy, but results have been mixed. Writing in Neuron, Jacobs et al. 2 report that deep brain stimulation (DBS) of memoryassociated brain areas impairs memory in humans.
An initial question when considering DBS for memory enhancement is where to place the electrodes that provide the stimulation. Memories of various types have been linked to distinct regions in the vertebrate brain, including the hippocampal and entorhinal areas 3 . Most early studies found that stimulation in the hippocampus caused memory impairment, for instance by reducing recognition of previously seen images 4 . But evidence for DBS-elicited memory enhancement in rats has also been found 5 . In 2012, a promising study by Suthana et al. 6 reported that memory was enhanced in seven people when the entorhinal area was stimulated while the participants took part in a spatial learning task in which they navigated a virtual environment.
Jacobs and colleagues' study is the largest of its type, involving 49 participants. It focuses on a different form of spatial memory from the 2012 study (which involved traversing a multi-stop route). The volunteers were placed in a virtual location in which they were shown a hidden object, and learnt the location of the object relative to nearby landmarks while being subjected to either electrical or sham stimulation in the entorhinal region or hippo campus. They were then placed at another location and asked to return to where they had been initially placed, to find the now-hidden object. Stimulated individuals were less accurate at pinpointing the position of the hidden object than unstimulated individuals. The authors also performed a test of verbal memory, in which the participants attempted to memorize 12 words that appeared in succession while they received electrical or sham stimulation. Again, performance in this task was degraded by stimulation in the hippocampal or entorhinal areas. T h u s , u n l i k e Suthana and colleagues, Jacobs et al. report that electrical stimulation causes memory impairment, leaving the field at a crossroads. There are many other regions of the brain in which DBS-based therapies could be explored, but these, too, might yield inconsistent results without a deeper understanding of the basic underlying principles. For instance, reports of memory improvement following DBS in the fornix (a structure that links hippo campi across brain hemispheres, among other connections) led to a trial of one-yearlong continuous stimulation of the fornix in people with Alzheimer's disease 7 . But although the treatment power fully altered cerebral metabolism, no improve ment was found in the primary outcome being measured -memory.
As Jacobs and colleagues discuss, identification of informative differences between DBS studies might unveil a fruitful path forward. For instance, does electrode placement differ between studies? Assessing electrode placement is challenging, because the computed tomography scans used to check electrode placement post-operatively have poor resolution compared with the magnetic resonance imaging (MRI) used for pre-operative planning. It can be hard to define whether electrodes are in white matter (tracts of neuronal projections called axons that send information between brain regions) or grey matter (the neuronal cell bodies and local circuitry). This is important because the entorhinal area includes both the grey matter of the entorhinal cortex and white-matter tracts that project to the hippocampus. Differences in targeting might explain the discrepancies between Suthana and colleagues' and Jacobs and colleagues' results. Unpublished data from Suthana et al. suggest that memory-improvement effects are specific to white-matter targeting.
Indeed, optogenetics -a technique in which genetically defined elements of the neuronal circuitry are controlled by lighthas revealed that there are certain advantages to targeting axonal projections 8, 9 , and clinical evidence is in agreement 10 . White-matter stimulation can be more potent, efficiently modulating bundled collections of axons before they disperse across grey matter. Moreover, when axonal projections are stimulated, downstream neurons are modulated by the synaptic connections formed by long-range projections, more closely emulating normal brain communication than does the less-specific stimulation of grey matter. These insights from optogenetic work (which enables direct control of projections defined by their origin and target 9 ) could guide clinical DBS by defining specific projections, rather than simply locations, that enhance memory when modulated in animals. A white-matter-based strategy guided by patient-specific MRI could then target the corresponding tracts in humans.
The next generation of DBS treatments may also require more-precise timing. Both Jacobs et al. and Suthana et al. used tasks wherein the timing of memory encoding and thus stimulation were defined by the researchers, but it seems less than ideal to ask patients to decide when they want stable memory formation. Precision timing might be achieved using
COGNITIVE NEUROSCIENCE

In search of lost time
Electrical stimulation of the human brain does not enhance memory, according to a report that is in apparent conflict with earlier work. But this discrepancy could enable deeper insight into brain dynamics by stimulating basic research. 
